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INTRODUCTION
Melon (Cucumis melo L.) is an economically important annual species cultivated all over the world. It belongs to the family Cucurbitaceae, genus Cucumis. Melon world harvested area is about one million hectars and its production is about 25 million tons (FAO 2010) .
Melon flower biology and sexual expression are important traits for breeding programs. Melon commercial cultivars belong mostly to the andromonoecious sex type (bisexual (perfect) flowers and male, or staminate flowers, in the same plant) and partly to the monoecious sex type (male or staminate and female, or pistillate flowers, in the same plant) (Wang et al. 2007, Abdelmohsin and Pitrat 2008) . Two major genes are involved in genetic control of sex expression in melon: allele a controls presence/absence of pistil in female flowers, and allele g controls presence/ absence of two types of flowers in the same plant (Pitrat 2008 , Martin et al. 2009 ). Different allele combinations of these two genes result in four distinct genotypes: hermaphrodite (aagg), gynoecious (AAgg), monoecious (A_G_) and andromonoecious (aaG_).
Sex expression in melon can be modified by external factors, such as mineral nutrition, temperature, water regime, light intensity, photoperiod, mechanical trauma and application of growth regulators (Whitaker 1931 , Brantley and Warren 1960 , Freeman et al. 1980 . Growth regulators or phytohormones, especially ethylene / ethrel (Papadopoulou et al. 2005 , Manzano et al. 2008 and gibberellic acid, i.e.GA 3 (Thomas 2008) , are mostly used to modify sex expression in melon.
Several investigations have shown that phytohormones are involved in changes of flower type, number and ratio of flowers of different sex types, modifications of flowering time and of other traits related to sex expression (Noguera et al. 2005 , Papadopoulou et al. 2005 , Stankovic et al. 2005 , Yamasaki et al. 2005 , Little et al. 2007 , Boualem et al. 2008 , Ouzounidou et al. 2008 , Martin et al. 2009 ). Most of these studies were performed in cucumber, the model plant for studying sex expression in Cucurbitaceae. Also, most of these investigations were focused only on one or few traits and by using a specific phytohormone.
However, it is known that phytohormones could have opposite effects on sex expression (Yin and Quinn 1995) . The aim of this research was to study the effect of different phytohormones on the traits related to sex expression (type of flowers according to sex, ratio between different flower types, time and dynamic of flowering, fruit number and time of ripening) in melon. For the first time, the effect of ethrel and gibberellic acid on the interval between emergence of the first staminate flower and the first perfect/ pistillate flower per plant was studied on monoecious and andromonoecious melon cultivars.
MATERIAL AND METHODS
Eight melon genotypes belonging to different sex types and carrying different flower types ( Figure 1 ) were used as material in this study: four monoecious (Sesame, from Serbia; Early dawn 3 (ED-3) and Early dawn 4 (ED-4), from USA; Pobeditel, from Bulgaria) and four andromonoecious (Chinese muskmelon, from China; Anannas, from Serbia; Fiata, from Netherland; A2-3lb, from Austria).
Melon seeds were sown in clay pots (10cm in diameter) in greenhouse, in the first week of April and treated three times with ethrel (2-chloroethyl phosphoric acid) and gibberellic acid (C 19 H 22 O 6 ) during the development period: at the stage of 3-5 leaves; five days later the stage of 3-5 leaves, and 10 days later the stage 3-5 leaves. In previous researches it was found that, the largest effects on the modification of sex expression in melon have ethrel (0.024%) and GA3 (0.2%). There were 90 plants within each genotype, of which 30 plants were not treated with phytohormones; therefore, they were used as controls in the field experiments.
Plants were transferred to the field in the phase of 7-9 leaves. Field experiments were set up during two growing seasons (2010 and 2011) at the experimental field of the Institute for Vegetable Crops in Smederevska Palanka, Serbia (lat 44° 21' 22.46" N, long 20° 57' 08. 97" E, and alt 101 m asl). The soil type at this location was vertisol (Aydinalp 2010) .
The field experiments were done in three replications using complete randomized block design of 8 plots in one block (one plot for each genotype). Each plot consisted of 3 rows (ethrel, GA 3 and control) with a 150 cm distance between rows, and 10 plants per row with a 100 cm distance between plants.
The following characteristics were measured: number of pistillate/perfect flowers per plant, number of staminate flowers per plant, number of fruits per plant, period from sowing to the emergence of the first perfect/pistillate flower (in days), period from sowing to the emergence of the first staminate flower (in days), period from sowing to full fruit ripening (in days), and period from the emergence of the first staminate to the emergence of the first perfect/pistillate flower per plant (in days).
The results were statistically analyzed, using ANOVA and the Fisher's Least Significant Difference (LSD) test (Fisher 1935) .
RESULTS AND DISCUSSION
Mean values for seven characteristics related to sex expression in untreated melon plants (control) are presented in Table 1 . According to the results, the number of pistillate flowers developed in the monoecious genotypes (14.82) was about two times lower than the number of perfect flowers developed in andromonoecious plant (22.85). Number of staminate flowers per plant was about 15% lower in monoecious genotypes (110.28) than in andromonoecious genotypes (128.53). The number of fruit per plant was lower in monoecious genotypes (1.38) than in andromonoecious genotypes (1.86). The highest number of perfect flowers (28.06), staminate flowers (142.22) and fruits (2.85) was observed in A2-3lb genotype. There was no significant difference between the two types of melon genotypes (monoecious and andromonoecious) regarding the period from sowing to the emergence of the first perfect/pistillate flower, period from sowing to the emergence of the first staminate flower, and period from sowing to full fruit ripening. Time from the emergence of the first staminate to the emergence of the first pistillate/perfect flower varied more in monoecious genotypes (from 10.17 in Sesame to 26.06 in Pobeditel) then in andromonoecious genotypes (from 20.33 in Anannas to 22.06 in Fiata). Tables 2 and 3 present the effect of ethrel, while Table  4 and 5 present the effect of GA 3 in each of these traits, comparing treated versus control plants. Ethrel treatment induced a higher number of pistillate flowers in monoecious plants than in the control and the stronger effect was observed in Pobeditel genotype (Table 3 ). The average number of pistillate flowers in Pobeditel plants sprayed with ethrel was increased by 13.44 flowers, compared to the control. Ethrel also had effect on the number of perfect flowers per plant in andromonoecious genotypes. Andromonoecious plants sprayed with ethrel had a higher number of perfect flowers, comparing to the control (Table 3 ). The average number of perfect flowers in andromonoecious plants after ethrel treatment was higher in comparison to the average number of pistillate flowers developed at monoecious plants sprayed with the same plant growth regulator (Table 2) . However, compared to control group of plants, a stronger effect of treatment was observed in monoecious plants (Table 3) .
Gibberellic acid reduced the number of pistillate flowers per plant in three monoecious genotypes, but it presented the opposite effect on the cultivar Pobeditel. The average number of pistillate flowers in this cultivar was higher by (Table 3 ). The weakest effect of ethrel was recorded in cultivar Pobeditel. Here, the number of staminate flowers was decreased for 15.56 flowers, in comparison to control (Table 3) . Similarly, ethrel decreased the number of staminate flowers in andromonoecious plants, compared to control. In monoecious plants, after application of GA 3 , the average number of staminate flowers per plant increased by 6.90 flowers (Table 5) . GA 3 had maximum affect on early maturing Sesame cultivar, increasing the average number of male flowers per plant for 10.61 flowers. Gibberellic acid increased the number of staminate flowers per plant in all observed genotypes, except Fiata, in which a slight decrease in the number of staminate flowers per plant (0.39 flowers) was observed (Table 5 ).
Yin and Quinn (1995) tested plant growth regulators (GA 3 , ethrel, AgNO 3 , PCA and their combinations) in monoecious and andromonoecious cucumber genotypes and concluded that any treatment promoting masculinization would produce a sex ratio quite similar to the controls. They found that after application of ethrel, monoecious and andromonoecious plants developed only female flowers. Based on their results, GA 3 contributed to the decrease of staminate flowers number in monoecious plants by 16% (compared to control). In andromonoecious plants, after spraying with this plant growth regulator, number of male flowers was 58% higher, in comparison to control.
Ripening of fruits developed on plants treated with plant growth regulators was faster than of the fruits developed in untreated plants (Tables 3 and 5) . Ethrel effect was a bit stronger than GA 3 effect. The application of plant growth regulators similarly affected the two groups of melon varieties regarding to the period from sowing to the full fruit ripening. The strongest effect of ethrel application was noted in Early dawn 4, in which fruits ripened 9 days earlier than fruits grown in control plants. The weakest effect was noted in Sesame, in which the fruits in treated plants ripened only one day earlier than the fruits grown in control plants (Table  3 ). The strongest effect of GA 3 was noted in Early dawn 4, in which fruits ripened 4 days earlier than in the control, while the weakest effect also was noted in Sesame (Table 5) .
In previous studies, plants treated with ethrel had fruits ripening 6-9 days earlier compared to control (Stankovic et al. 2001 ).
In monoecious genotypes treated with ethrel, the average number of fruits per plant ranged from 0.5 to 1.35, and in andromonoecious genotypes it ranged from 1.05 to 1.90 (Table 2) . Monoecious plants treated with gibberellic acid developed 0.75 to 1.20 fruits, and andromonoecious plants, 0.85 to 2.20 fruits (Table 4 ). Compared to the control, in monoecious genotypes treated with ethrel, number of fruits per plant was decreased by 24.64%, and in andromonoecious genotypes, by 17.20 %. Ethrel had the strongest positive effect on Anannas and Fiata cultivars, in which the number of fruits per plant increased by 23.53 % and 11.76 %, respectively, in relation to control (Table 3) . Both plant growth regulators had strongest negative effect on A2-3lb genotype, in which the number of fruits per plant decreased by 45.61 % (ethrel ; Table 3 ) and 22.81 % (GA 3 ; Table 5 ). Thomas (2008) reported that in bitter melon, ethrel was more effective in the percentage of pistillate flowers which formed fruits than GA 3 .
The application of ethrel affects time of appearance of the first flower on plants with female reproductive organs. In monoecious plants, pistillate flowers appeared 5 days earlier (Table 3) .
Gibberellic acid delayed time of emergence of the first pistillate flower in monoecious plants for 2 days, and the first perfect flower in andromonoecious plants emerged with 1 day delay, compared to control (Table 5) . Byers et al. (1972) found that treating monoecious cucurbits with ethylene or compounds that promote ethylene synthesis causes earlier production of pistillate flowers, that is, promote feminization. They found that application of GA 3 promotes masculinization in cucumber gynoecious plants, but not in melon gynoecious plants. The external application of ethrel in monoecious melon genotypes affected time of emergence and number of staminate and pistillate flowers. In andromonoecious melon genotypes this effect was reduced only for the emergence of both flower sex types and number of staminate flowers (Stankovic et al. 2001 , Stankovic et al. 2005 .
Ethrel delayed the emergence of the first staminate flower in monoecious plants for 13 days, in comparison to the control. A stronger effect was observed in andromonoecious plants, in which ethrel delayed the emergence of the first staminate flower for 19 days, compared to control. The strongest effect was recorded in cultivar Anannas, in which male flowers emerged 22 days later in the plants treated with ethrel, compared to the control (Table 3) .
Gibberellic acid had a weak or neutral effect on the studied genotypes. The strongest positive effect was recorded in ED-3 monoecious cultivar plants sprayed with GA 3 , in which staminate flower was developed 3 days earlier, compared to the control plants (Table 5) . Stankovic et al. (2001) also found that ethrel affects melon sex expression and delays the flowering process. In their research, emergence of staminate flowers was delayed 25 to 30 days, compared to control. In their study ethrel was more effective in monoecious plants than in andromonoecious plants.
Plants treated with ethrel, firstly had pistillate/perfect flowers, while the staminate flowers emerged 12.23 (Sesame) to 25.39 (Pobeditel) days later for monoecious genotypes, or 20.16 (A2-3lb) to 23.67 (Chinese muskmelon) days later for andromonoecious genotypes (Table 3) . Generally, ethrel was found more effective for andromonoecious varieties. Staminate flowers appeared two days earlier than perfect flowers in andromonoecious plants which were treated with gibberellic acid. Effect of gibberellic acid on trait "period from the emergence of the first staminate to the emergence of the first pistillate flower per plant" was not significant in monoecious plants (Table 5) .
Summarizing, in this study, three plant growth regulators were used in eight monoecious and andromonoecious genotypes. Effects of hormones were observed in seven traits. Based on the results, it was found that ethrel affected: 1) the number of pistillate/perfect flowers per plant, 2) the number of staminate flowers per plant, 3) period from sowing to the emergence of the first pistillate/perfect flower, 4) period from sowing to the emergence of the first staminate flower, 5) period from sowing to full fruit ripening and 6) period from the emergence of the first pistillate to the emergence of the first staminate flower per plant. GA 3 affected three characteristics: 1) the number of staminate flowers per plant 2) period from sowing to the emergence of the first pistillate/perfect flower, and 3) period from sowing to full fruit ripening.
Comparing monoecious to andromonoecious plants, the effect of Ethrel and GA 3 differed for: 1) the number of pistillate flowers per plant, 2) the number of staminate flowers per plant, and 3) the number of fruits per plant.
